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PROMOTER AND USES THEREOF 

The present invention relates to the expression of transgenes in the 
endothelium. 

Consistent endothelial cell-specific expression of transgenes in adult 
5 animals has proved difficult to achieve. For example, attempts to target gene 
expression to the endothelium of transgenic mice have met with limited success. 
A 1.2 kb 5-flanking region of the murine Tie2 gene was sufficient to confer 
endothelium-specific expression of the reporter gene lacZ in transgenic mouse 
embryos but not in adult mice (Schlaeger et a/., Development 121 : 1089-1098, 

10 1995). The human von Willebrand factor gene 5'-flanking region and first exon, 
shown to support high-level and specific endothelial cell expression in vitro, 
expressed lacZ in only a subpopulation of endothelial cells in vivo and not in the 
vascular beds of various organs examined (Aird et a/., Proc. Natl. Acad. Sci. USA 
92 : 4567-4571, 1995). More promising results were obtained using the murine 

15 preproendothelin promoter to express either luciferase or a lipid-peroxidating 
enzyme in transgenic mice (Harats et a/., J. Clin. Invest. 95 : 1335-1344, 1995). 
However, expression of the transgenes was not confined to vascular 
endothelium, but was also present in arterial smooth muscle, and selected 
epithelium. Moreover, the level of expression ranged from high in arteries to low 

20 in veins and capillaries, and there was significant variation in expression both 
between and within organs. Thus, it is not truly endothelium-specific, and its 
pattern of expression in the vasculature is highly variable. 

McCurry et al. Nature Medicine 1 : 423-427 (1995) describe a system 
involving the passive transfer of CD59 from erythrocytes to vascular endothelial 

25 cells. They demonstrate that the presence of CD59 prolongs the survival of 
porcine hearts transplanted into baboons. However, their model is limited by the 
transient nature of CD59 expression. 

It is an object of the present invention to overcome, or at least alleviate, one 
or more of the difficulties or deficiencies associated with the prior art. 

30 In a first aspect, the present invention provides an isolated nucleic acid 

fragment including an intercellular adhesion molecule 2 ("ICAM-2") promoter or 
functionally active part thereof for expression of transgenes in endothelial cells. 
Preferably the ICAM-2 promoter or functionally active part thereof is 250-400 
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base pairs (bp) in length and corresponds to at least part of the 5' flanking region 
of the human ICAM-2 gene. More preferably the ICAM-2 promoter or functionally 
active part thereof is an approximately 336 bp Sty\ nucleic acid fragment. Most 
preferably the ICAM-2 promoter or functionally active part thereof includes the 
5 nucleic acid sequence 

5'CCAGGCATGACTCCAACAATGCATCCCATGGGATTTGGGGTTCCCCAGATCT 
GGGGCTTGTAGGCCTGACTCTCCCCTGTGCACACGTCTCATACACGCATG 
CGTGCACCCATTGCCTGCCCCGCCCCTTGCACAGGGAGTCAGCAGGGAGG 
ACTGGGTTATGCCCTGCTTATCAGCAGCTTCCCAGCTTCCTCTGCCTGGA 

10 TTCTTAGAGGCCTGGGGTCCTAGAACGAGCTGGTGCACGTGGCTTCCCAA 
AGATCTCTCAGATAATGAGAGGAAATGCAGTCATCAGTTTGCAGAAGGCT 
AGGGATTCTGGGCCATAGCTCAGACCTGCGCCCACCATCTCCCTCCAGGC 
AGCCCTTGGCTGGTCCCTGCGAGCCCGTGGAGACTGCCAGAGATGTC 3' 
functionally active parts thereof and sequences substantially homologous thereto. 

15 In a second aspect, the present invention provides a recombinant nucleic 

acid molecule, capable of being expressed in endothelial cells, said molecule 
including the following operatively linked components: 
a promoter as hereinbefore described, 
an intron, 

20 one or more genes or functionally active parts thereof, and 

a termination signal. 

The intron may be of any suitable type. Preferably the intron is a hybrid or 
■universal' intron, such as that described by Choi et al., Molec. Cell. Biol. 
11:3070-3074, 1991, the entire disclosure of which is incorporated herein by 
25 reference. 

The one or more genes may be any genes for which endothelial expression 
is desired. Preferably the one or more genes encode complement regulatory 
factors. The one or more genes may be selected from the group consisting of 
CD59, CD46 and CD55, and modified versions thereof. For example the one or 
30 more genes may be selected from the group consisting of human CD59, CD46 
and CD55 cDNA. The gene may be a hybrid of two or more genes. The gene 
may be a hybrid of CD55 and CD59, and modified versions thereof, for example 
CD55-internal ribosome entry site ("IRES")-CD59. The gene may be a hybrid of 
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CD46, CD55 and CD59, and modified versions thereof. The gene may be 
modified to facilitate expression. For example the transmembrane and 
cytoplasmic domains of CD46 may be replaced by a glycosylphosphatidylinositol 
(GPI) tail. 

5 The termination signal may be of any suitable type. Preferably the 

termination signal is a polyadenylation signal, more preferably the SV40 early 

polyadenylation signal. 

In a further aspect, the present invention provides a vector including the 
recombinant nucleic acid molecule as hereinbefore described. 

10 In a still further aspect, the present invention provides a method of 

expressing one or more genes in the endothelium of an animal, which method 
includes introducing into said animal one or more constructs, each construct 
including a promoter as hereinbefore described operatively linked to said one or 
more genes. Preferably the construct includes a recombinant nucleic acid 

1 5 molecule as hereinbefore described. Preferably introduction of said construct into 
said animal is by means of liposomal delivery systems or viral vectors, for 
example as described in Evans, R. et al., Annals N.Y. Acad. Sci. 716:257-264, 
1994, the entire disclosure of which is incorporated herein by reference. 
Alternatively said construct may be introduced into a precursor of said animal, for 

20 example a fertilized egg, by means of standard microinjection techniques which 
are well known to those skilled in the art. 

In a still further aspect the present invention provides a transgenic animal 
capable of endothelial expression of one or more genes, said animal having 
introduced therein one or more constructs, each construct including a promoter as 

25 hereinbefore described operatively linked to said one or more genes. Preferably 
the construct includes a recombinant nucleic acid molecule as hereinbefore 
described. Preferably introduction of said construct into said animal is by means 
of liposomal delivery systems or viral vectors, for example as described in Evans, 
R. et al., 1994. Alternatively said construct may be introduced into a precursor of 

30 said animal, for example a fertilized egg. by means of standard microinjection 
techniques which are well known to those skilled in the art. 

In a still further aspect the present invention provides a method of 
prolonging the survival of organs grafted from an animal, Said method including 
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introducing into said animal one or more constructs, each construct including a 
promoter as hereinbefore described operatively linked to one or more genes, the 
expression of which prolongs transplant survival. Preferably the construct 
includes a recombinant nucleic acid molecule as hereinbefore described. 
5 Preferably introduction of said construct into said animal is by means of liposomal 
delivery systems or viral vectors, for example as described in Evans, R. et al., 
1994. Alternatively said construct may be introduced into a precursor of said 
animal, for example a fertilized egg, by means of standard microinjection 
techniques which are well known to those skilled in the art. 
10 The organ to be transplanted may be of any suitable type. In a preferred 

aspect of the present invention, the grafted organ may be a heart. 

The present invention will now be more fully described with reference to the 
accompanying Example and Figures. It should be understood, however, that the 
description following is illustrative only and should not be taken in any way as a 
1 5 restriction on the generality of the invention described above. 
In the Figures 

Fig. 1 a, Sequence of the 5'-flanking region of the human ICAM-2 gene 
amplified by PCR. Numbering is relative to the A of the ICAM-2 start codon 
(underlined). Putative regulatory elements are in bold type and underlined, and 

20 an inverted GCAAT motif is boxed. The 5 1 end of an ICAM-2 cDNA is indicated 
by the symbol # above the sequence, b, Structure of the 2.5-kb 8ssHII 
microinjection construct, showing the ICAM-2 promoter, universal intron (Ul), 
CD59 cDNA, and SV40 early polyadenylation signal sequence (poly(A)). The 
location of a 32 P-labelled PCR-generated probe used for dot blot analysis is 

25 shown, c, Determination of transgene copy number by dot blotting. The 
hybridization signal generated by known quantities of the microinjection construct 
(two row - indicated as number of copies per genome equivalent) was compared 
with the signals from genomic DNA of founders 237-4 and 237-7, their offspring 
(A19 and A21, respectively), and wild type (WT). Hybridization with a GAPDH 

30 probe was used to correct for differences in the amount of DNA blotted. 

Fig. 2 Expression of human CD59 on granulocytes, as determined by flow 
cytometry. Transgenic founder 237-7 is compared with a non-transgenic 
littermate and with humans. 
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Fig. 3 Immunocytochemical detection of CD59 expression in the organs of 
transgenic mice and non-transgenic littermates. a, Kidney section (x 66) of 
transgenic mouse, showing strong staining of the endothelium of a glomerulus 
(g), intertubular sirusoids (is), and transverse section of a large vessel (v). b, 
5 Kidney (x 80) of control mouse, c, Heart (x 100) of transgenic mouse. Staining 
can be seen on a large vessel and on all capillaries, d, Heart (x 100) of control 
mouse, e, Lung (x 66) of transgenic mouse, showing specific staining of large 
vessel endothelium (v) and absence of staining on bronchioles (b). Strong 
staining is evident in the small vessel/alveoli region, although these tissues 

10 cannot be distinguished clearly due to compression, f, Lung (x 66) of control 
mouse, g, Liver (x 66) of transgenic mouse, showing specific staining of all 
vascular endothelium including the central vein (cv). h, Liver (x 66) of control 
mouse. /', Pancreas (x 66) of transgenic mouse, showing specific staining of 
vessels and absence of staining on islets (i). j, Pancreas (x 50) of control mouse. 

15 EXAMPLE 1: CD59 
Methods 

Transgene construction 

The 5'-flanking region (positions -394 to +5 relative to the A of the start 
codon, Fig. 1a) of the human ICAM-2 gene was amplified from genomic DNA by 

20 polymerase chain reaction (PCR) using primers (5' 
CCAGGCATGACTCCAACAATGC 3' and 5' CTGTAGAGACCGTCAGAGGTGC 
3'). The 50-^1 reaction contained 2 \xg of human genomic DNA, 25 pmol of each 
primer, dNTPs at 200 nM, and 0.7 U of Taq DNA polymerase. The conditions for 
amplification were an initial 4 min. denaturation at 94°C followed by 35 cycles at 

25 94°C for 60 sec, 60°C for 60 sec, and 72°C for 60 sec. 

A 336-basepair fragment (-369 to -34) released from the PCR product by 
digestion with Sty\ was blunt-ended using Klenow DNA polymerase and 
subcloned into the Smal site of pBluescript II SK + (Stratagene Inc., La Jolla, CA) 
such that the upstream end of the ICAM-2 5-flanking region was closest to the 

30 Kpn\ site of the vector. This region was isolated as a Kpnl/blunt fragment from 
the resulting plasmid after sequential treatment with BamHI, Klenow DNA 
polymerase, and Kpnl, and cloned into a 4.9-kb CD59 microinjection vector 
(described below) which had been treated with C/al, Klenow DNA polymerase, 
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and Kpn\. 

The CD59 microinjection vector contained a hybrid, or "universal" intron 
shown to increase gene expression in transgenic mice (Choi et al., 1991), a 
human CD59 cDNA, and the early polyadenylation signal from SV40, all cloned 
5 into the multiple cloning site of pBluescript II SK\ The intron was cloned as a 
243-basepair fragment obtained by C/al/EcoRI digestion of a 254-basepair PCR 
product amplified from plasmid pXMT2 using the primers 
5' CTCATCGATTGGGGTGAGTAC 3' (C/al site underlined) and 
5' AGTGAATTCCTGTGGAAGAGAAAGGC 3' (EcoRI site underlined). The CD59 

10 cDNA was isolated from plasmid pMPZenSVNeo/CD59 (Somerville et al., 
Transplantation, 58_:1430-1435, 1994, the entire disclosure of which is 
incorporated herein by reference) as a 1.2-kb Xho\ fragment, to which EcoRI 
linkers were added before cloning. The SV40 early poly(A) fragment consisted of 
bases 3002-2452 of SV40 (Reddy et al., Nucleic Acids Res 1978; 5: 4195, the 

15 entire disclosure of which is incorporated herein by reference). 
Generation of transgenic mice 

The 2.5-kb microinjection construct was excised from the vector by digestion 
with EssHII and separated by agarose gel electrophoresis, followed by 
purification through sequential Wizard (Promega, Madison, Wl) and CHROMA 

20 SPIN 400 (CLONTECH, Palo Alto, CA) minicolumns. The purified fragment was 
microinjected at a concentration of 10 ng/ml in phosphate-buffered saline into 
fertilized CBA x C57/BL6 F2 mouse eggs. Progeny were screened after weaning 
by formamide low temperature (FoLT) PCR (Panaccio et al., BioTechniques 
14:238-243, 1993, the entire disclosure of which is incorporated herein by 

25 reference) of whole blood, collected by eye bleeding. Five microliters of blood 
were "solubilized" in 50% deionised formamide (75ul) at 95°C for 5 min. Fifteen 
microliters of the treated blood were used in a 50nl formamide low temperature 
PCR containing the following components: 10mM Tris-HC1 (pH 9.0), 50 mM KC1, 
1.5 mM MgC1 2 , 0.01% (w/v) gelatin, 0.1% (v/v) Triton X-100, 200 uM dNTPs, 20 

30 pmol each of two primers, (5' CAAGTGTTGGAAGTTTGAGC 3' and 5* 
GCCCCTCAAACCCTCTTCGA 3') specific for the CD59 cDNA and 1-2U of Tth 
polymerase (Promega). The resulting 234-basepair product was resolved by 
electrophoresis in 2% agarose. 
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Transgene copy number and integrity were examined by dot blot and 
Southern analysis of DNA extracted from tail tips of transgenic mice. Blots were 
hybridized with a 32 P-labelled probe generated by PCR of CD59 cDNA using the 
above primers. Hybridization with a probe for the glyceraldehyde phosphate 
5 dehydrogenase gene was used to correct for differences in the amount of DNA 
blotted. 

Flow cytometric analysis 

Peripheral blood leukocytes (PBLs) were isolated from mouse blood using 
standard techniques, and incubated with fluoresceinated mouse anti-human 

10 CD59 monoclonal antibody MEM-43 (Serotech, Oxford, England). Labelled cells 
were analyzed on a FACSCalibur flow cytometer (Becton Dickinson, Sunnyvale, 
CA), using human PBLs as a positive control. Granulocytes were gated following 
sequential staining with the rat anti-mouse granulocyte monoclonal antibody RB6- 
8C5 (Holmes, K.L. et al., J. Immun. 137:679-688, 1986, the entire disclosure of 

15 which is incorporated herein by reference), a biotinylated goat anti-rat Ig 
monoclonal antibody (Caltag, San Francisco, CA), and streptavidin-tricolor 
reagent (Caltag). 
Immunohistochemistry 

Fresh-frozen tissue sections (4 u.m) were incubated successively with Tris- 

20 buffered saline (pH 7.4) containing 10% heat-inactivated sheep serum, 
FITC-conjugated MEM-43, and POD-conjugated anti-fluorescein Fab fragments 
(Boehringer Mannheim, Germany). Peroxidase staining was developed using 
3,3-diaminobenzidine tetrahydrochloride (Sigma St Louis, MO). Sections were 
counterstained with haematoxylin. For staining of endothelial cells, the hamster 

25 anti-mouse PECAM-1 monoclonal antibody 2H8 (Bogen, S.A. et al.. Amer, J. 
Pathol. 141:843-854, 1992, the entire disclosure of which is incorporated herein 
by reference) was used. 
Results 

Analysis of Transgenic mice 

30 The 5'-flanking segment of the human ICAM-2 gene extending 369 

basepairs upstream of the start codon was amplified by PCR. This region 
contains two motifs for GATA, three for ETS, and one each for Sp1 and CACCC 
(Fig. 1a). 
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A CD59 cDNA was cloned downstream of the ICAM-2 5'-flanking region 
(Fig. 1b). 

Of 27 offspring generated by microinjection of the transgene into fertilised 
mouse oocytes, four were transgenic as determined by PCR analysis of 
5 peripheral blood. Flow cytometric analysis of white blood cells demonstrated that 
three of the four founders expressed CD59 (Fig. 2), at levels 7- to 10-fold higher 
than that of CD59 on human granulocytes. The majority of expressing cells, 
comprising 30-35% of total PBL, were identified as granulocytes (of which more 
than 90% are neutrophils) by double-staining with anti-CD59 and the 

10 granulocyte-specific monoclonal antibody RB6-8C5. High expression of CD59 
was also observed on monocytes but not on lymphocytes. 

Two of the expressors, 237-4 and 237-7, produced offspring when mated 
with wild-type mice. (The third expressor [223-4] did not mate and was 
euthanized for immunohistochemistry). From dot blot analyses of tail-tip DNA 

15 from founders and heterozygous F, offspring, transgene copy numbers for the 
237-7 and 237-4 lines were estimated at 4 and 8, respectively (Fig. 1c). Southern 
blot analysis of genomic DNA restricted with Bg/I, which cuts the construct once, 
indicated head-to-tail integration of the transgene copies at distinct sites for each 
line. 

20 Pattern of transgene expression in transplantable organs 

The pattern and intensity of staining were similar in all three lines. Staining 
was confined to the vascular endothelium in all organs: in the kidney, on 
glomeruli, intertubular sinusoids, and large vessels (Fig. 3a); in the heart, on 
vessels of all sizes (Fig. 3c); in the liver, on all vessels, including the central vein 

25 (Fig. 3g); and in the pancreas, on vessels but not on islets. In the lung, there was 
specific staining of large vessel endothelium and absence of staining on 
bronchioles (Fig. 3e). Strong staining was also evident in the small vessel/alveoli 
region, although these tissues could not be distinguished clearly due to 
compression. No staining was seen in the tissues of a negative littermate (Fig. 3). 

30 Identification of the stained regions as endothelium was confirmed by 

staining of serial sections with a monoclonal antibody to PECAM-1, which is a 
commonly-used marker for endothelial cells (Risau, W. FASEB J. 9, 926-935, 
1995, the entire disclosure of which is incorporated herein by reference) 
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Further analysis of transgenic mice 

The transgenic mice were further analysed using an ex vivo isolated 
perfused heart system. Hearts from transgenic and non-transgenic mice were 
removed, placed on a rig, and perfused with buffer. The hearts continued to beat 
5 and heart work was continuously measured. After a period of stabilisation, 
human plasma was added to the buffer reservoir and the effect on heart work was 
monitored. 

The performance of control hearts rapidly deteriorated after addition of 6% 
human plasma, with work falling below 50% within 20 minutes. In contrast, the 

10 transgenic hearts were still functioning at over 80% of the initial work rate 50 
minutes after plasma addition. Immunohistochemical analysis showed extensive 
damage and MAC deposition in control hearts, whereas transgenic hearts were 
morphologically intact and largely clean of MAC. 

The high-level endothelial expression of CD59 driven by the ICAM-2 

15 promoter protects mouse hearts from damage by human plasma and prolongs 
their function compared to non-transgenic controls. This is in contrast to the lack 
of prolongation of function seen when CD59 expression is driven by the mouse H- 
2K b promoter (H-2K b is an MHC Class I molecule expressed widely throughout 
the tissues; endothelial expression of CD59 in our lines of H-2K b /CD59 transgenic 

20 mice was significantly lower than that in ICAM-2/CD59 transgenic mice). 
Discussion 

We report here the use of the human ICAM-2 promoter to target strong, 
constitutive gene expression to endothelial cells of transgenic mice, more 
particularly endothelial cells of heart, liver, lung, kidney and pancreas in 

25 transgenic mice. Specifically, we found that a 336-bp fragment from the 5' 
flanking region of the human ICAM-2 gene contained the necessary signals to 
target high-level transgene expression to endothelial tissue in transgenic mice. 
Unexpectedly, our results suggest that most or all of the signals necessary for 
tissue specificity reside within a very small (336-bp) promoter region. In a number 

30 of other studies it has been shown that much larger promoter fragments are often 
required to parallel the tissue-specific expression of endogenous genes. For 
example, another relatively short segment, the 733-bp von Willebrand factor 
promoter, did not function correctly in vivo despite its ability to support specific 
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endothelial cell expression in vitro (Aird et ai, 1995). In contrast, the ICAM-2 
promoter targeted expression consistently to all blood vessels regardless of size 
or type in all organs examined (Fig. 3). 

Although the expression of CD59 in the tissues of the transgenic mice 
5 mimicked that of ICAM-2 in humans, all three expressing lines exhibited high 
levels of CD59 on neutrophils (Fig. 2). This was unexpected given the lack of 
expression of ICAM-2 on resting human neutrophils (de Fougerolles et a/., J. Exp. 
Med. 174 : 253-267, 1991). Whilst applicant does not wish to be restricted by 
theory, it is possible that the cloned human promoter lacks a negative regulatory 

10 element. Alternatively, the ICAM-2 promoter may indeed be active in neutrophils, 
but the ICAM-2 synthesized may be stored internally and relocated to the cell 
surface upon activation, in a manner analogous to the storage and release of 
P-selectin and von Willebrand factor by endothelial cells. 

The strong and specific staining for CD59 in all three expressing F 0 mice 

15 suggests that the ICAM-2 promoter functioned in a relatively position-independent 
manner. One cause of integration site effects is presumably promoter occlusion, 
i.e. transcriptional interference to the transgene promoter by polymerase 
molecules that have transcribed upstream genes. In this respect it is noteworthy 
that the upstream region of the human ICAM-2 promoter contains an inverted 

20 GCAAT motif (Fig. 1a). A promoter-proximal, inverted CCAAT box has been 
shown to signal transcription termination via a mechanism postulated to involve 
protein binding (Connelly and Manley, Molec. Cell. Biol. 9, 5254-5259, 1989), and 
the affinity of CCAAT-binding protein (CBP) is increased by mutation of the target 
site to GCAAT (Graves et a/., Cell 44:565-576, 1986). Whilst applicant does not 

25 wish to be restricted by theory, it is conceivable that the inverted GCAAT in the 
ICAM-2 promoter reduced promoter occlusion by blocking transcriptional 
readthrough. 

The ICAM-2 promoter may be used to engineer vascular endothelium- 
specific expression of human complement inhibitors and other immunoregulatory 
30 molecules in transgenic pigs. The ICAM-2 promoter is unique among 
endothelium-specific promoters studied to date in that it provides a means of 
constitutively expressing CD59 and other molecules at high levels in all vascular 
endothelium. The specificity and strength of the ICAM-2 promoter makes it a 
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useful tool in fields including xenotransplantation, the study of vascular biology, 
and gene therapy in the treatment of cancer. These areas of medical research 
will benefit from an in vivo targeting system capable of producing high-level 
constitutive gene expression specifically in vascular endothelium. The study of 

5 human vascular diseases such as atherosclerosis will be advanced by the 
availability of transgenic mice overexpressing biologically important proteins 
throughout the vascular tree. The success of pig-to-human xenotransplantation is 
likely to hinge on the constitutive expression of human complement inhibitors and 
other immunoregulatory molecules on the vascular endothelium of the organs of 

10 transgenic pigs. Gene therapy to limit injury to non-malignant endothelium 
caused by anticancer agents is another area of keen interest. Retroviral and 
liposomal delivery systems may be complemented by the use of strong 
endothelium-specific promoters to express protective genes. 
EXAMPLE 2: CDSS and CD59 

15 Transgenic mice expressing both CD55 and CD59 were generated by coinjecting 
two constructs, with the ICAM-2 promoter driving either CD55 or CD59. Two 
constructs comprising the ICAM-2 promoter driving expression of either CD55 or 
CD59 cDNA were co-injected into fertilised mouse ova to generate transgenic 
mice. PCR analysis of genomic DNA of the offspring identified one mouse 

20 (FH304.2) in which both constructs were integrated. FACS analysis 
demonstrated that both CD55 and CD59 were expressed on neutrophils in 
FH304.2 at levels higher than that on human neutrophils. Breeding analysis of the 
FH304.2 line indicated that the transgenes were inherited as a single genetic unit. 
The results suggested that co-injection with ICAM-2 promoter-driven constructs 

25 was feasible as a relatively rapid method of generating transgenic animals 
expressing multiple transgenes. FH304.2 was bred to produce mice for an 
immunohistochemical survey of the tissue distribution of CD55 and CD59. Both 
transgenes were expressed in the typical ICAM-driven pattern i.e. very strong 
expression on vascular endothelium and neutrophils but not on most other cell 

30 types. We have tested hearts from these CD55/CD59 double transgenics on our 
ex vivo perfusion rig. The CD55/CD59 hearts were protected from injury by 
human plasma and functioned at more than 50% maximum work till the end of the 
experiment (45 minutes after plasma addition), in contrast to non-transgenic 
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hearts which stopped beating 5 to 10 minutes after plasma addition. 
EXAMPLE 3: CD46 

It was not possible to generate mice expressing human CD46 using a 
cDNA-based construct (0 expressors from 10 transgenics). We have used an 
5 alternative approach to express CD46 in mice by replacing the transmembrane 
and cytoplasmic domains of CD46 with a glycosyl-phosphatidylinositol (GPI) tail. 
11 transgenic mice were generated and flow cytometric analysis showed that 
CD46 was expressed on the neutrophils of 3 of these mice, at levels up to 2.5 fold 
higher than that of CD46 on human neutrophils. Histological analysis of kidneys 

10 showed strong expression of CD46 on all vascular endothelium. Whilst applicant 
does not wish to be restricted by theory, it appears that inappropriate expression 
of the full-length molecule may have interfered with embryogenesis, perhaps via 
signalling involving the cytoplasmic tail. 
EXAMPLE 4: CD55 and cnfifl 

15 IRES stands for internal ribosome entry site, and is a means of getting 

translation of a downstream open reading frame in a polycistronic message. 
Eukaryotic transcripts are normally translated as follows: the ribosome binds to 
the 5' end of the mRNA and 'scans' along the message until it finds a start codon 
in good context; the following ORF is then translated and the ribosome 

20 dissociates irrespective of the presence of downstream ORFs. If however you 
have a single transcript containing two ORFs separated by an IRES, both can be 
translated. We generated transgenic mice expressing both CD55 and CD59 by 
coinjecting two constructs, with the ICAM-2 promoter driving either CD55 or 
CD59. For example, we used the ICAM-2 promoter to drive the expression of a 

25 CD55-IRES-CD59 message (i.e. distinct from both CD55 or CD59 alone). 
Transgenic mice expressing both proteins were generated, again with the 
expected pattern although CD59 was at a somewhat lower level than CD55, 
presumably due to lower efficiency of IRES-directed translation. 
EXAMPLE 5: CD46. CD55 and CD59 

30 We have generated transgenic mice by coinjecting three constructs, with the 

ICAM-2 promoter driving either CD46 (the modified version bearing a GPI 
membrane linkage rather than a transmembrane domain), CD55 or CD59. Six 
mice that express all three transgenes (on neutrophils) have been identified. 
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Finally, it is to be understood that various alterations, modifications and/or 
additions may be made without departing from the spirit of the present invention 
as outlined herein. 
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CLAIMS: 

1. An isolated nucleic acid fragment including an intercellular adhesion 
molecule 2 ("ICAM-2") promoter or functionally active part thereof for expression 
of transgenes in endothelial cells. 
5 2. An isolated nucleic acid fragment according to claim 1 wherein the ICAM-2 
promoter or functionally active part thereof is 250-400 base pairs (bp) in length. 
3. An isolated nucleic acid fragment according to claim 2 wherein the ICAM-2 
promoter or functionally active part thereof corresponds to at least part of the 5' 
flanking region of the human ICAM-2 gene. 
10 4. An isolated nucleic acid fragment according to claim 1 wherein the ICAM-2 
promoter or functionally active part thereof is an approximately 336 bp Sfyl 
nucleic acid fragment. 

5. An isolated nucleic acid fragment according to claim 1 wherein the ICAM-2 
promoter or functionally active part thereof includes the nucleic acid sequence 

1 5 5'CCAGGCATGACTCCAACAATGCATCCCATGGGATTTGGGGTTCCCCAGATCT 
GGGGCTTGTAGGCCTGACTCTCCCCTGTGCACACGTCTCATACACGCATG 
CGTGCACCCATTGCCTGCCCCGCCCCTTGCACAGGGAGTCAGCAGGGAGG 
ACTGGGTTATGCCCTGCTTATCAGCAGCTTCCCAGCTTCCTCTGCCTGGA 
TTCTTAGAGGCCTGGGGTCCTAGAACGAGCTGGTGCACGTGGCTTCCCAA 
AGATCTCTCAGATAATGAGAGGAAATGCAGTCATCAGTTTGCAGAAGGCT 
AGGGATTCTGGGCCATAGCTCAGACCTGCGCCCACCATCTCCCTCCAGGC 
AGCCCTTGGCTGGTCCCTGCGAGCCCGTGGAGACTGCCAGAGATGTC 3' 
functionally active parts thereof and sequences substantially homologous thereto. 

6. A recombinant nucleic acid molecule, capable of being expressed in 
25 endothelial cells, said molecule including the following operatively linked 

components: 

an ICAM-2 promoter or functionally active part thereof, 
an intron, 

one or more genes or functionally active parts thereof, and 
30 a termination signal. 

7. A recombinant nucleic acid molecule according to claim 6 wherein the one 
or more genes encode complement regulatory factors. 
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8. A recombinant nucleic acid molecule according to claim 7 wherein the one 
or more genes are selected from the group consisting of CD59, CD46 and CD55, 
and modified versions thereof. 

9. A recombinant nucleic acid molecule according to claim 8 wherein the one 
5 or more genes is a hybrid of CD55 and CD59 or of CD46, CD55 and CD59, and 

modified versions thereof. 

10. A recombinant nucleic acid vector according to claim 6 wherein the intron 
is a hybrid or universal intron and the termination signal is the SV40 early 
polyadenylation signal. 

10 11. A vector including a recombinant nucleic acid molecule according to claim 

6. 

12. A method of expressing one or more genes in the endothelium of an 
animal, which method includes introducing into said animal one or more 
constructs, each construct including an ICAM-2 promoter or functionally active 

1 5 part thereof operatively linked to said one or more genes. 

13. A method according to claim 12 wherein the construct includes a 
recombinant nucleic acid molecule according to claim 6. 

14. A method according to claim 13 wherein the construct is introduced into 
said animal by means of liposomal delivery systems or viral vectors or into a 

20 precursor of said animal, for example a fertilized egg. by means of microinjection 
techniques. 

15. A transgenic animal capable of endothelial expression of one or more 
genes, said animal having introduced therein one or more constructs, each 
construct including an ICAM-2 promoter or functionally active part thereof 

25 operatively linked to said one or more genes. 

16. A transgenic animal according to claim 15 wherein the construct includes a 
recombinant nucleic acid molecule according to claim 6. 

17. A transgenic animal according to claim 16 wherein the construct is 
introduced into said animal by means of liposomal delivery systems or viral 

30 vectors or into a precursor of said animal, for example a fertilized egg, by means 
of microinjection techniques. 

18. A method of prolonging the survival of organs grafted from an animal, said 
method including introducing into said animal one or more constructs, each 
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construct including an ICAM-2 promoter or functionally active part thereof 
operatively linked to one or more genes, the expression of which prolongs 
transplant survival. 

19. A method according to claim 18 wherein the construct includes a 
5 recombinant nucleic acid molecule according to claim 6. 

20. A method according to claim 19 wherein the construct is introduced into 
said animal by means of liposomal delivery systems or viral vectors or into a 
precursor of said animal, for example a fertilized egg, by means of microinjection 
techniques. 

10 21 . A method according to claim 18 wherein the organ is a heart. 
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